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PROSTAGLANDIN DERIVATIVES DEVOID OF SIDE-EFTECTC FOR THE 
TREATMENT OF GLAUCOMA 

The invention is related to a method of treating glaucoma and ocular hypertension 
utilizing prostaglandin analogues or derivatives that are devoid of. or have reduced 
melanogenic effect in the eye. The invention also relates to ophthalmic compositions 
containing prostaglandin compounds devoid of. or have reduced melanogenic effect in 
the eye. 

Glaucoma is an eye disorder characterized by increased intraocular pressure, 
excavation of the optic nerve head, and gradual loss of the visual field. An abnormally 
high intraocular pressure is commonly known to be detrimental to the eye, and there 
are clear indications that in glaucoma the intraocular pressure is the most important 
factor causing degenerative changes in the retina and the optic nerve head. The exact 
pathophysiological mechanism of open angle glaucoma is. however, still unknown. 
Unless treated, glaucoma may lead to blindness, the course of the disease typically 
being slow with progressive loss of vision. 

The intraocular pressure (lOP) can be defined according to the fomub (1): 
(1) IOP = Pe + (Ft-Fu)xR 

where Pe is the episcleral venous pressure. Ft the formation of aqueous humor. Fu the 
part of the aqueous humor which exits the eye through the uveoscleral outflow 
pathway, and R is the resistance in the trabecular outflow pathway. The aqueous 
humor in the anterior and posterior chambers of the eye is produced by the ciliary 
processes behind the iris. It tiien flows through the pupil into the anterior chamber, 
and nonnally exits the eye through the trabecular meshwork and Schleram's canal into 
the episcleral veins outside the eye globe. However, part of the aqueous humor may 
leave the eye through the uveoscleral outflow route. The flow in this route is regarded 
as only minimally influenced by the intraocular pressure (Bill, 1975). 
The imraocular pressure in humans is normally in the range of 12-22 mmHg. At 
higher pressures. e.g. above 22 mmHg, there is an increased risk that the eye may be 
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damaged In one particular form of glaucoma, normal tension glaucoma, damage may. 
however occur at intraocular pressure levels that are within the normal physiological 
range The opposite situation is also known, i.e. some individuals may exhibit an 
abnormally high intraocular pressure without any manifest defects in the visual field 

or the optic nerve head. Such conditions usually are referred to as ocular hypertension. 

Glaucoma treatment can be given by means of drugs, laser or surgery. In drug 
treatment the purpose is to reduce either the formation of aqueous humor (Ft), or the 
resistance to outflow of aqueous humor (R), which according to formula (1) above 
will result in nuiuced intraocular pressure; alternatively to increase the outflow of 
aqueous humor through the uveoscleral route which according to formula (1) also 
reduces the intraocular pressure. 

Prostaglandins and typically PGF,a, its esters and analogues, reduce the intraocular 
pressure mainly by increasing the uveoscleral outflow of aqueous humor (Crawford 
andKaufman,1987;Nilssonetal..l989;Torisetal..l993;Stjemscha„tzetal.. 

1995) The use of prostaglandins and their derivatives is described in several patents 
andpatentapplications.forinstanceinUS4.599.353(Bito).US4,952,581 (Bi^), 

WO89/03384 (Resul and Stjemschantz). EP 170258 (Cooper), EP 253094 (Goh). and 

in EP 308135 (Ueno). 

Prostaglandins are fatty acids usually derived from the precursors eicosatrienoic, 
eicosatetraenoic and eicosapentaneoic acid through metabolic steps involvmg 
oxygenation. Namrally occurring prosuglandins typically have the general strucmre 
shown in Fig. 1. 



COOH 




OH 



Fig.l 
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The prostaglandins accordingly cany a cyclopentane ring to which two carbon chains 
link, the upper chain usually being called the alpha chain and the lower chain usually 
being called the omega chain. The prostaglandins are classified in subgroups A. B. C. 
D, E, F. G, H, I and J depending on the structure and substituents in the cyclopentane 
ring as shown in Fig. 2. 




PGG.PGH PGI PGJ 



Fig. 2 



The alpha chain is a 7 carbon carboxy-terminated aliphatic chain whereas the omega 
chain is an 8 carbon methyl-terminated aliphatic chain. Depending on the number of 
double bonds in these chains subscripts of 1 to 3 are given. In prostaglandins with 
subscript 1, e.g. PGFia. the double bond is situated between carbons 13 and 14 in the 
omega chain, and it exhibits u-ans configuration in naturally occurring prostaglandins. 
In prostaglandins with subscript 2, e.g. PGFaa, an additional double bond in die cis 
configuration is situated between carbons 5 and 6 in the alpha chain, and finally in 
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prostaglandins with subscript 3. a third double bond is situated between carbons 17 
and 18 in the omega chain. This double bond also exhibits cis configuration in 
naturally occurring prostaglandins. All naturally occurring prostaglandins carry a 
hydroxyl group on carbon 15. which is essential for biological activity. 

The receptor system for the naturally occurring prostaglandins has only recently been 
elucidated. Thus most of the prostaglandin receptors have been pharmacologically 
characterized and their molecular structure identified by molecular biological 
techniques (Coleman et al., 1994). There are specific receptors for the naturally 
occurring prostaglandins. Tlie receptors for PGD, PGE. PGF, PGI. (prostacyclin) and 
TxAa (thromboxane) being abbreviated DP. EP. FP, IP. and TP. respectively. 
Furthermore it has been shown that the EP receptor can be subdivided into four 
receptors, namely the EP,. EP,. EP3, and EP4 receptors. Specific tissues or cells may 
express only a few or many of these receptors, depending on the evolutionary 
development of this autacoid system in different species. Thus for instance it has been 
shown that the cat iris sphincter muscle expresses predominantly FP receptors that are 
functionally coupled and mediate constriction of the pupil, while the corresponding 
smooth muscle of the bovine eye expresses EP. and TP receptors, activation of either 
of which will result in contraction of the muscle. A compound which binds to a 
specific receptor and activates it is called an agonist while a compound that only binds 
to a receptor without activating it is called an antagonist. 

With respect to the practical usefulness of many of the prostaglandins and their 
derivatives as suitable drugs for treatment of glaucoma or ocular hypertension, a 
limiting factor may be their property of causing increased pigmentation of the iris in 
the eye (Stjemschantz and Aim. 1996). Thus, the colour of the iris during chronic 
treatment in monkeys and in man tends to become darker, turning into brown. While 
this apparently has no negative medical consequences, it is a clear disadvantage from 
a cosmetic point of view, particularly in patients undergoing treatment only m one 
eye It would thus be desirable to identify prostaglandins which effectively reduce the 
intraocular pressure without causing the side-effect of increased iridial pigmentation. 
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We have now unexpectedly found that prostaglandin derivatives and analogues which 
are selective agonists for the EP| subgroup of prostanoid receptors fulfil the criteria 
for a prostaglandin analogue which effectively reduces the intraocular pressure 
without causing increased production of pigment (melanogenesis) in the iris. The 
background of this finding is that in a study to identify the prostanoid receptor 
subtypes in the human iridial melanocytes we have found that these cells express in 
their cell membranes the FP, EP2, and EP3 receptors, but not the EPi and TP receptors. 
Furthermore, we have investigated the intraocular pressure reducing effect of several 
relatively selective EPi agonists and found that these prostaglandin analogues 
effectively and potently reduce the intraocular pressure both in cats and monkeys. 

Therefore, it is now apparent that, by using selective EPi receptor agonists, the 
intraocular pressure can be reduced in primates, and thus also in man, without 
increased, or with significantly reduced melanogenesis as side-effect, since the 
melanin producing cells, the melanocytes, lack the specific receptor necessary for the 
transmembrane signalling into the cell. While we at present have no clinical evidence 
that such selective EPi agonists do not cause increased pigmentation of the iris, since 
the induction time for this phenomenon to occur often is 6-12 months, and thus 
extremely long and costly experiments have to be carried out in primates, we can 
nevertheless conclude from relevant in vitro studies that such increased pigmentation 
would not occur in the absence of the specific signalling receptor in the cell 
membrane of the melanocytes. 

Accordingly, high selectivity or specificity to the EP| receptor compared to other 
prostaglandin receptors in the eye characterizes the compounds to be used in the 
method or compositions according to the present invention. It need not to be said that 
the more selective the compound is for the EP| receptor, the better results are obtained 
but a certain advantage is of course achieved also in cases of some interaction with 
other receptors. High selectivity in this connection means that the effect on the EPi 
receptor is a least more than 5 times, especially more than 10 times, and in particular 
more than 100 or 1000 times the effect on the other prostaglandin receptors. 
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The specific prostaglandin analogues that we have used for exemplifying and proving 
this invention were PGFap (D. PGFap isopmpyl ester (2), 17-phenyl-18.19,20-trinor- 
PGE2 (3), 17-phenyl-18,19,20-trinor-PGE2 isopropyl ester (4), 15(R.S)-16.16- 
trimethylene-PGEz (5), l5(R.S)-16.16-trimethylene-PGE2 methyl ester (6), and 13.14- 
dihydro-17-(3-fluorophenyl)-18, 19. 20 trinor-PGErisopropyl ester (7). All these 
analogues are relatively selective EP. receptor agonists. The receptor profiles of the 
test compounds are presented in Table I. 

Table I. Receptor profile of prostaglandin analogues tested (EC-50 values expressed 
as moles/1 in functional receptor assays). 



Prostaglandin FP EPj 



EP2 



EP3 



DP/IP 



TP 



5x10-* lO"* 



10 



,-5 



>10^ 



>10 



,-3 



>io- 



>10^ 



10 



f 2x10-* >10-^ 



>io-' 



>io-' 



>io-' 



>10" 



5 2x10-5 6^10' 2x10' SxlO"* >10-* 

7 6x10-' 4x10-* 5x10 -5 10-6^ >io-4 

# estimated based on difference in receptor assay between guinea pig vas deferens and 
chick ileum. 

In one aspect, the invention relates to the use of selective prostaglandin EP, receptor 
agonists devoid of melanogenic effect for the treatment of glaucoma or ocular 
hypertension. The method for treating glaucoma or ocular hypertension comprises 
contacting the surface of the eye with an effective intraocular pressure reducing 
amount of a composition, containing an EP, selective prostaglandin as aforesaid, in 
order to reduce the intraocular pressure and to maintain said pressure at a reduced 
level. The composition usually contains about 0.1-100 jig. especially 1-30 jig per 
application of the acUve substance. The composition is applied topically on the eye 1- 
3 times daily. 
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The prostaglandin derivative is mixed with an ophthalmologically compatible vehicle 
known per se. The vehicle which may be employed for preparing compositions of this 
invention comprises aqueous solutions, e.g. physiological saline, oil solutions, or 
ointments. The vehicle may furthennore contain ophthalmologically compatible 
preservatives such as e.g. benzalkonium chloride, surfactants, such as polysorbate 80. 
liposomes or polymers, for example methyl cellulose, polyvinyl alcohol, polyvinyl 
pyrrolidone and hyaluronic acid; these may be used for increasing the viscosity. 
Furthermore it is also possible to use soluble or insoluble drug inserts. 

In another aspect, the invention relates to ophthalmological compositions for medical 
treatment of glaucoma or ocular hypertension which comprise an effective intraocular 
pressure reducing amount of a prostaglandin analogue which is a selective agonist of 
EP, receptors as defined above and an ophthalmologically compatible cairier. The 
effective amount usually comprises a dose of about 0.1-100 fig in about 10-50 ^1 of 
the composition. The compositions according to the present invention are clear 
improvements over the prior art prostaglandin compositions due to tiie selectivity of 
the active compound for EPl receptors compared to other prostaglandin receptors 
with Uie risk for pigmentation eliminated or at least substantially reduced. 

In still another aspect, tiie invention relates to the use of the prostaglandin analogue 
for the preparation of a medicament for treatment of glaucoma and ocular 
hypertension. 

Preferably, the prostaglandin analogue is derived from PGF or PGE type 
prostaglandins. Particularly, ti)e prostaglandin analogue is a compound of the general 
formula: 
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"'"H .av, .o„d» ,ep,ese„, *e a o, P co„r.^«Uo„. and dasKcd ^nds 
„p„.„. a .«g,c bond, a uiple bond o, a d„»b,. bond in .h. cis or ™.s 

"TtZ.en.sa.u,a,=d<,unsa»a.da,M,pr*«,C,.,.a«..c,c,o.M 

a slled o, „n.,u«.d a,M S™P bavin, Z-5 carbon «o«« op«<«a>„ 
i,„„up«d b, be-e^a^n. f- oxy.en. sulfur and nUrogen, cyc oalM. 

;::iycLcye.oa.M.cy— ..p«'-"vc.,.y— 

heteroaryl; 

K'.bX°".M-V.n»*'..e*y'."»*-orOCOR4 w.«^^^ 
3,raigh.orb«nch«.cbai„sam.a,edorunsa„..eda,.y,S.oup.pr=fe,^b,yC,.,oalM. 
"^ia.,yC,.ai.y>.oracyc>oa>M.P«f=»b>yC...cyc,oaM.o.ary..-«up-. 
a suai^b. or branched cbain sa»r.,ed or unsa.ura.ed aM .roup. 
, ,ablv having 3-8 carbon awms. especially 3-5 carbon aloms. op..onally 
:i:rZ«,norebe„roa.on.se,ec«d,ro.„o..n.su..ra„dp^. 
tZLon Ln,op.ion.., being subsU«.«dwi.basubsU.en.se,ec.edro.C,., 

Hydroxy andcarbony, groups. Hydroxy and carbon,. pre,«»ual„ berng 
!^Hed.oclo„ i5of*eprosUg,».dins«a„dsaida,Mg.o„pop..ona y 

Iainin.acyc,oaM.p..e,a«yC..cyc,oa,M,a..---'S-^^^^^^ 
„ay H mono- or independen,., „ul.i-subs..««d C.aikyl. C, aikoxy. 
Hydroxy, ni.ro. .tinuoromeUiyl or Halogen: 
or a pHarmacemically accepuible sal. or esKr diereof. 

Aiyl is preferably subsUtuKd or unsubs.imKd phenyl. 
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^ox-zole, pyridine. p,„zi«, Ryri„,,i^ py^j^,^ """^ 

■^-^'-^ ".ay b. in cpc^eric ^ ^ ^ ^ 

individual epimers. 

T»e invendon i. iH.,^, ^ of f„„o„i„, „„„.„^,„^ 

S,«,f,cp„™ers„e„d«i,„edf„..„ePP,EP„EP„EP3.and,T^p,„„L 
primers used ,„ *e assays are presented in Table n RT Pr» J 

n^A isoiared f...,„„a„ iridia, n,e,a„<«yl TclrTTT 

„c»w f -"'wyces in culture. The cultured cells were 

used for preparing mRNA The RT Pro-,- ci»were 

fors,m,lamy,oeachp„KBglandin«eep,orse„«„ce. 

!^.H™a„,idia,„e,anoey«„creiso,..ed„dc*,edaccordi„g,„H„e,a, 

rrerr^^^^'"---------:'- 

n«NA was isol«ed using Dynab mRNA Direct Sysien, (Dyna, A/S No^ay, 

accord-ng „ *e ma„„fac«.„r's insm-ctas. 100.000-200 OOO 

cc^s were .ed in ^e enrichn^. J ' ^ -"""""^ 

o.«a.ea.„s..__^.„.::-r:rr:^^^^^^ 
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the 



^p,or.re3»Umgmdoubteanin« ™.„ ««1 tor PCR amplifying 

with AmpliWa, pellets (PertcmElnKr, USA) «as 
I,^OMSO.2«,..MaNTPsa„d.0p.o.es<.Ua*pn„«r. 



Table 



n. Prostaglandin receptor specific primers. 



CACAACCIXSCCAGACGGAAAACandCCAGTCTTT 
Primary primers; CAC AA«- ^ 

OATGTCTTCTGTG ^^^^^^^^^^„^,,OAAA 
Secondary pnmets; CAGTAA TCI 

CACCAGOTCCTGO 



"^"ters TGT GGC ATG GCC OTC GAG »,d ACC AAC ACC AGC ATT 
primary primers, lui vj 

^^^^ • ..CTGCAGGGAGGTAGAGCrCandGGCACGTGGTGC 
secondary pnmers.CTGCAu 

TTC ATC G 
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EP2 primers: 

primary primers; CAA CCA TGC CTA TTT CTA CAG C and TCT CGC TCC AAA 
CTT GGC TG 

secondary primers; CTA CGT GGA CAA GCG ATT GGC and TGG TTG ACG 
AACACTCGCAC 



EP3 primers: 

primary primers; GGG ATC CAA GAT CTG GTT CAG and GCC TTC CCG ATC 
ACCATGCTG 

secondary primers; CGC AAG AAG TCG TTC CTG CTG and CAC CAA GTC 
CCGGGCCACTG 



TP primers: 

primary primers; CTG GTG ACC GGT ACC ATC GTG GTG T and GTA GAT CTA 
CTG CAG CCC GGA GCG C 

secondary primers; TCG CTA CAC CGT GCA ATA CC and GGC TGG AGG GAC 
AGC GAC 



The PCR mix from these reactions was analyzed on a 1% LMP agarose gel (BioRad 
Laboratories. USA). DNA fragments of the expected size were TA-cloned using a 
TA-cloning kit according to the manufacturer's instructions (Invitrogen Inc., USA), 
and sequenced on an Applied Biosystem Model 373A DNA sequencing system 
(Applied Biosystems Inc., USA) according to Applied Biosystems* protocol for their 
Taq Dye Dioxy Terminator cycle sequencing kit. The generated primary data were 
processed on a VAX computer using the sequence analysis programs from Genetics 
Computer Group Inc., Madison, USA (Devereux, J., et al., Nucleic Acids Research 12 
(1): 387-395 (1984). 

Results: In human iridial melanocytes based on our RT-PCR we could show an 
expression of FP, EP2 and EP3 receptors. However, we were not able to show the 
presence of the EP, and TP receptors (Table III). As positive controls we amplified 
the expected EP| and TP fragments with the same primers from a human kidney 
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cDNA library. We enriched poly A mRNA from human iridial melanocytes isolated at 
two different times and performed the PCR reactions several Umes with identical 
result. 



Table nL RT-PCR (secondary PCR primers) of human iridial melanocyte mRNA 
using prostaglandin receptor specific primers ( see Table 11). 



Gene 


Correct fragment size (bp) 


Sequence analysis 




Observed 


Exoected 




FP 


+ 


489 


Identity with FP 


EPi 

EP2 
EP3 


+ 


397 
501 


Identity with EP2 


+ 


372 


Identity with EP3 


TP 




484 





QVMTHPSTS OF PPnST AfiLANDTN DERIV ATIVES 

The structures of the end compounds prepared in the Examples are shown in Scheme 
1 provided at the end of the description. 

Fxamole 1 : PGFjpCcompound 1) 

The title compound was purchased from Cayman Chemicals Company, Ann Arbor 
Michigan, USA. 



Example 2 : PGFzp isopropyl ester (compound 2) 

DBU (163.5 mg, 1.01 mmol) was added to a stirred solution of PGFzp (Cayman 
Chemicals) (60 mg, 0.169 mmol) in acetone (20 ml) at 0 "C. The mixture was allowed 
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to wann to room temperature, when isopropyl iodide (222.6 mg, 1.34 mmol) was 
added dropwise. After 48 h (TLC monitoring), the mixture was diluted with ethyl 
acetate (40 ml), washed with brine (30 ml), citric acid 3% (2x40 ml) and sodium 
hydrogen carbonate 5% (2x30 ml) and dried over anhydrous sodium sulfate. The 
solvent was removed in vacuo and the residue was chromatographed on silica gel 
using ethyl acetate : acetone 3:1 as eluent. This afforded a colorless oil, yield 46 mg 
(68%). 'H NMR (CDCI3) d 1.3 (d, 6H), 1.6-1.7 (dm, 4H). 2.0-2.2 (dm. 6H), 2.3 (t, 
2H), 4.04.1 (m, 3H), 5.0 (sept, IH). 5.5 (m, 2H), 5.6 (m, 2H). '^C NMR (CDCI3) d 
135.9. 132.2, 130.5, 128.0, 75.3, 74.8, 72,85, 67.6, 56.23, 52.25, 51.59, 42.32, 37.35, 
33.44. 31.74, 29.14, 26.66, 24,79, 22.6, 21.8, 14.03. 

Example 3 : 17-Phenyl-18,19,20-trinor-PGE2 (compound 3) 

The title compound was purchased from Cayman Chemicals Company, Ann Arbor 

Michigan, USA. 

Example 4 : 17-PhenyM8,19,20-trinor-PGE2 isopropyl ester (compound 4) 
DBU (43.5 mg, 0.29 mmol) in acetonitrile (1 ml) was added dropwise to a stirred 
solution of compound 3 (22.1 mg. 0.057 mmol) in acetonitrile (3 ml) at 0 °C. The 
mixture was allowed to warm to room temperature whereupon isopropyl iodide 
(78.0 mg, 0.46 mmol) in acetonitrile (2 ml) was added dropwise. After being 
stirred for 12 h (TLC monitoring), the reaction mixture was quenched with water 
(8 ml), the mixture was extracted with ethyl acetate (2x50ml), and the extract was 
washed with brine (10 ml), citric acid 3% (10 ml), and finally sodium hydrogen 
carbonate 5% (10 ml). After drying with anhydrous sodium sulfate, the solvent 
was removed in vacuo and the residual oil was chromatographed on silica gel 
using ethyl acetate as eluent. This afforded 230 mg of the product (69%) of the 
title compound as a colorless oil: /?/= 0,516 (ethyl acetate : acetone : HOAc 
1:1:0.02); *H NMR (CDCI3) d 0.89 (m, 3H), 1.3 (d, 6H). 2.6-2.8 (m, 2H). 4.1 (m, 
2H), 5.0 (m, IH), 5.3-5.7 (dm, 4H), 7.2 (m, 5H). *^C NMR (CDCI3) d 10.9, 13.9, 
21.8, 22.9, 23.8. 24.49, 24.8, 25.17, 25.6. 26.68, 28.93, 30.45, 31.77, 33.90, 34.01, 
34.07, 38.8. 46.22, 53.3, 54.48, 66.83, 67.62, 68.18. 71.77, 72.21. 76.35, 77.00. 77.2, 
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77.64. 125.93. 126.46, 128.39. 128.44. 128.79. 130.63. 130.81. 131.04. 137.79, 
213.88. 

ExanJEleS- 15RS-16.16-triinethylene-PGE2 (compound 5) 
To a stirred solution of 15RS-16.16-trimethylene-PGE2 methyl ester (52 mg. 0.13 
mmol) in acetone (0.4 ml) and phosphate buffer pH 7 (4 ml) was added lipase VD (40 
mg). The mixmre was stirred at room temperaniie for 24 h (TLC monitoring). The 
mixture was quenched with ethanol (3 ml) and extracted with ethyl acetate (2x10 ml). 
The organic layer was washed with brine, dried (sodium sulfate), and concentrated in 
vacuo furnishing 46 mg of the product as an oil. 

HxamDle6 : 15RS-l6,16-trimethylene-PGE2 methyl ester (compound 6) 

The synthesis of 15RS-16,16-trimehyleneprostaglandin E2 (Skotnicki. S. et al. 1977) 
is schematically shown in Scheme 2. Bold figures in the following refer to respective 
structures in Scheme 2. 

prt^Y' 9 9-triinethvllP "«'hftxanoate (9) 

To a stirred solution of N-isopropylcycIohexylamine (56.2 g, 398 mmol) in THF (400 
ml) at -78 "C was added rapidly n-BuLi (159 ml. 398 mmol of 2.5 M in hexane). To 
the resulting solution was added dropwise ethyl cyclobutanecarboxylate (8) (50 g. 390 
mmol) and stirred for 30 min. then warmed to 0 °C and dropped into a solution of n- 
butyl iodide (159 ml, 398 imnol of 2.5 mol in hexane) in DMSO (200 ml). The 
reaction mixture was stirred for 1 h at room temperature (TLC monitoring). The salt 
was removed by filtration and the filtrate was concentrated in vacuum. The residue 
was dissolved in hexane and washed with HCl 2%. brine and water, then dried over 
sodium sulfate, and evaporated in vacuo. The residual oil was distilled (49-56 "C, 1 
mmHg) to give 26.5 g (37%) of the product. 

IH NMR (CDCI3) d 0.9 (t. 3H). 1.2 (t. 3H). 1.8-2.0 (dm. 5H). 2.2-2.5 (m. 3H). 4.2 
(m,2H). 



9, 7-7rimethY '''"'^'^''^^"-l-o' ^^^^ 
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To a stirred solution of ethyl 2,2-trimethylenehexanoate (9) (26.5 g, 144mmoI) in dry 
toluene (100 ml) was added dropwise DmAL-H (206 ml, 289 mmol of 1.4 mol in 
toluene) at 0 °C. The resulting solution was stirred at room temperature for 3 h (TLC 
monitoring), and then poured into iced HCl 5%. The organic layer was separated and 
washed with HCl 5%, brine, dried, filtered and concentrated to give 30 g of the 
product as an oil. NMR (CDCI3) d 0.9 (t, 3H), 1 .8-2.0(dm, 5H), 2.5 (m, IH), 3.0 
(m, IH), 3.6(m,2H). 

2.2-Trimethvlenehexaldehvde (11) 

To a solution of 2,2-trimethylenehexan-l-ol (10) (30 g, 210 mmol), in DME (400 ml), 
was added dicyclohexanecarbodiimide (DCC) (130 g, 630 mmol), DMSO (120 ml) 
and orthophosphoric acid (10.3 g). The mixture was stirred at room temperature for 3 
h (TLC monitoring), and filtered. The filtrate was diluted with dichloromethane (300 
ml), and washed with water. The organic layer was separated. The residue was 
removed by fdtration. The filtrate was washed with brine (100 ml), dried and 
concentrated in vacuum. The residue was purified by column chromatography on 
silica gel using hexane as eluent to give the tide product (17.3 g) as an oil. 
Ih NMR (CDCI3) d 0.9 (t, 3H), 1.2 (t, 3H),I.8.2.0 (dm, 5H), 8.8 (s, IH). 

4.4-Trimethvlene- 1 -octynO-ol (12) 

To a solution of lithium acetylide-ethylenediamine complex (12.2 g. 132 mmol) in 
DMSO (10 ml) was added a solution of 2,2-trimethylenehexaldehyde (11) (17 g, 120 
mmol) in DMSO (20 ml) at 0 °C under N2. The mixture was stirred at room 
temperature for 24 h (TLC monitoring) and then poured into an ice-cold HCl 2% (50 
ml) and ether (50 ml). The organic layer was separated and the aqueous layer was 
extracted with ether (50 ml), the combined organic phases were washed with brine , 
dried, filtered and concentrated in vacuo. The residue was chromatographed on silica 
gel using hexane : ethyl acetate 5: 1 as eluent. which gave 12 (7.6 g, 38%) as an oil. 



E-Tributvkin-4.4-trimethvlene- 1 -octene-3-ol f 1 3) 
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A mixture of 4.4-triinethylcne-l-octyn-3-ol (12) (5.0 g, 30 mmol), tributyltin hydride 
(14.6 ml, 54.2 mmol). and AIBN (30 mg) was stirred at 1 30 °C for 24 h (TLC 
monitoring). The residue was chromatographed on silicagel using hexane and 
hexanerether 9:1, respectively, as eluent. to give the title compound (13) (12.54 g, 
91.4%) as an oil. 

p Tnt-* Y'''"-^ | 4-'"'"gthv ^^"''-"^-trimethvlsilvloxv-1-octene (14) 
To the mixture of E-tributyltin-4.4-trimethylene-l-octenc-3-ol (13) (7 g, 15.3 mmol) 
in DMF (100 ml) was added imidazole (2.1 g, 30.6 mmol) and trimethylsilyl chloride 
(2.5 g. 23.0 mmol). The reaction mixture was stirred at room temperature for I h 
(TLC monitoring). The mixture was partitioned between water (200 ml) and ether 
(200 ml). The organic phase was dried and evaporated in vacuo. The residue was 
chromatographed on silica gel using hexane as eluent to give 14 (5.53 g). 

, , 1 ^ ^j. x,.»,.th Yunvloxv-16.16 -tHn..rhvlene-5.6-didehvdrn-PrTF. methyl ester (17) 
A dry lOO-ml three-necked flask was charged with cupper(I)cyanide (928 mg, 10.4 
mmol) and a magnetic bar. The flask was capped with a rubber septum and heated 
under vacuum to remove any trace of water, and cooled to 0 "C under N^. Dry THF 
was added and followed by methyl lithium (14 ml, 22.4 mmol of 1.6 mol in diethyl 
ether), via a syringe. The mixwre was stirred at 0 "C for 15 min. during which the 
suspension became clear and homogeneous. A solution of E-tributyltin-4,4- 
trimethylene-3-trimethylsilyloxy-l-octene (14) (5.9 g, 1 1 .2 mmol) in THF (10 ml) was 
added, via a syringe, at 0 «C and stirred at room temperature for 30 min. To the 
resulting solution a solution of 4-(t-butyldimethylsilyloxy)-cyclopentenone (15) (1.7 g, 
8 mmol) in THF (6 ml), trimethylsilyl chloride (4.35 g, 40 mmol) and triethylamine 
(8.1 g. 80 mmol) was added, at -70 »C, successively and stirred at -70 "C for another 
15 min, then for 15 min at 0 °C. The mixture was partitioned between hexane (600 
ml) and water (300 ml). The organic layer was separated, dried over sodium sulfate, 
filtered and concentrated in vacuo to give the crude silyl enol ether as a clear oil. To 
the stirred solution of the silyl enol ether in THF (50 ml), under N^. at -30 "C methyl 
lithium (7.7 ml, 12.3 mmol of 1.6 mol in diethyl ether) was added and stirred for 30 
min followed by addition of a freshly prepared methyl- l-triflate-2-hexynoate (16) 
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(Erhardt, P.W., et al. 1987; Caldwell A. G., et al, 1979) and stirred at -40 "C for 5 
min. The resulting solution was quenched with saturated aqueous ammonium chloride 
solution (30 ml) and extracted with ether (3x 100 ml), dried on sodium sulfate, filtered 
and concentrated in vacuo. The residue was chromatographed on silica gel using 
hexane : ethyl acetate ( 1 : 1 ) as eluent, to give a clear oil of a mixture of 1 5RS isomers 
(2.71 g, 57.3%) Rf= 0.36 (Si02, ether : hexane 1:1). 1h NMR CDCI3) d 0.2 (dm, 
12H), 0.8-0.9 (ms, 18H), 1 .8 (m, 2H), 2.3 (m, 4H). 3.7 (s, 3H), 3.9-4.1 (dm, 2H), 5.5- 
5.6 (2H).The 'HNMR was also performed on the desilylated analogue, 16,16- 
trimethylene-5,6-didehydro-PGE2 methyl ester. 'H NMR (CDCI3) d 0.9 (t. 3H), 1.2- 

I. 3 (m, 3H), 1.9-2.1 (m, 4H), 3.7 (s, 3H), 4.1 (m, 2H), 5.6-5.9 (dm, 2H). 

II. 15-bis Trimethvlsilvloxv-16.16-trimethvlene-PGE2 methvl ester 

To astirred solution of 11,15-bis trimethylsiIyloxy-16,16-trimethylene-5,6-didehydro- 
PGE2 methyl ester (17) (500 mg, 0.8 mmol), in benzene : cyclohexane 1 : 1 (50 ml) 
was added Pd-BaS04 (250 mg) and quinoline (250 mg) and stirred at -40 "^C under H2 
atmosphere for 5 h (TLC monitoring). The reaction mixture was diluted with ether 
and filtered through celite, and concentrated in vacuum. The residue was 
chromatographed on silica gel using hexane : ethyl acetate 9:1 to give 442 mg of the 
corresponding product. 

16.16-Trimethvlene-PGE? methvl ester (6) 

To the solution of 1 1,15-bis trimethylsilyloxy-16,16-trimethylene-PGE2 methyl ester 
(374 mg, 0.589 mmol) in THF ( 18 ml) was added HF 40% (3.5 ml) in THE (1 ml) at 0 
°C. The reaction mixture was stirred for 5 h (TLC monitoring) and then poured into a 
mixture of sodium hydrogen carbonate 5% (30 ml) and ethyl acetate (50 ml). The 
organic layer was separated and the aqueous layer was washed with ethyl acetate 
(2x30 ml). The organic layers were pooled and dried, on sodium sulfate, and 
concentrated in vacuo. The residue was chromatographed on silica gel using hexane : 
ethyl acetatel:!, and ethyl acetate successively to give 6 (75 mg, 31%), as an oil. 
1h NMR (CDCI3) d 0.9 (t, 3H), 1.3 (t, 6H), 2.0-2.6 (mm, 9H), (dm, 5H), 3.6 (s, 3H), . 
4.1 (m, 2H), 5.4 (m. 2H). 5.6-5.8 (dm. 2H); ^^C NMR (CDCI3) d 14.222. 14.9, 23.7, 
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24.7, 25.2, 26.2, 26.5. 26.6. 26.8, 29.7. 33.4. 36.5, 44.9, 46.0, 51.6, 54.0. 54.6. 71.9. 
76.7,77.06,77.1,77.38, 126.5, 126.9, 127.7, 130.9, 132.5. 132.9. 133.36. 133.46, 
174.15,214.32. 

RxamDle7 : Synthesis of 13,14-dihydro-17-(3-fluorophenyl)-l8,19.20-trinor PGEa 
isopropyl ester (compound 7) 

The synthesis of the title compound is schematically shown in Scheme 3. Bold Hgures 
refer to respective structures in Scheme 3. 

r>;mpth Yl-(2-oxo-4-(3-fluorophep ylhutvl') ohosphonate 

To a stirred suspension of sodium hydride (4.17 g, 138 mmol) previously washed with 
n-pentane. in dry THF (250 ml) at room temperature was added dropwise a solution of 
dimethyl-2-oxo-propylphosphonate (23.12 g. 132.3 mmol) in THF (1 10 ml). The 
reaction mixture was stirred for 2 h, then cooled in an ice bath and treated with a 
solution of n-BuLi (10.2 g. 158.7 mmol) in hexane. causing a dark brown solution to 
be formed. Stirring was continued for 2 h at 0 »C. followed by dropwise addition of 3- 
fluorobenzyl bromide (25 g, 132.3 mmol) in THF (50 ml). The reaction mixture was 
gradually warmed to room temperature and after 3 h (TLC monitoring), it was 
quenched with 10% HCl (20 ml). The mixture was poured into ice-water (200 ml), 
extracted with CHCI3 (2x150 ml), the organic layers were collected, washed with 
brine (150 ml), chromatographed on silica gel using CH2CI2 and EtOAc successively 
as eluent. furnishing 19.5 g of a slightly yellow oil. Rf= 0.37 (silica gel. 
EtOAc:acetone 1:1) 

(1 "v SR ,f,R, 7R'>-6-Formvl-7-(4-phenvl benzovlQ xvV2-oxabip-vclorr3.3.01octane-3-one 

12 

To a solution of the alcohol 18 (19.0 g. 53.9 mmol) in DME (100 ml), cooled to 18 
"C, was added dicyclohexylcarbodiimide (DCC) (33.3. 161.8 mmol), DMSO (38.2 
ml) and phosphoric acid (1.43 ml, 21.28 mmol). The temperature of the reaction 
mixture was kept below 25 °C for 30 min. The reaction mixmre was stirred at room 
ten^erature for additional 2 hours (TLC monitoring), and the precipitate was removed 
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by filtration and washed with ether (2x50 ml). The combined organic layer was 
washed with water (50 ml) and brine (2x50 ml), the aqueous solution was extracted 
with ether (100 ml), the organic layers were collected and dried over sodium sulfate, 
filtered, and used directly for the next step. TLC Rf = 0.37 (silica gel, EtOAc:toluene 
2:1). 

( 1 S.5R.6R.7RV6- f 3-Oxo-5-f 3-fluorophenvl V 1 -E-pentenvl 1 -7-f4-phenvl benzovloxvV 
2-oxabicvclor3.3.01octane-3>one (20) 

To a stirred suspension of NaH (1.9 g, 65.1 mmol), prewashed with n-pentane, in 
DME (130 ml) under nitrogen, was added dropwise dimethyl-2-oxo-4-(3- 
fluorophenyl) butylphosphonate (Wadsworth, Jr.. W. S., et al. 1961) (19.3 g, 70.5 
nmiol), in DME (100 ml) and stirred vigorously for 1 h at room temperature. The 
mixture was then cooled to -10 °C and a solution of the crude aldehyde 19 was added 
dropwise. After 30 min. at 0 °C and 2 h at room temperature (TLC monitoring), the 
reaction mixture was neutralized with acetic acid, the solvent was removed in vacuo 
and the residue was dissolved in EtOAc (200 ml), and washed with water (50 ml) and 
. brine (50 ml). The organic layer was dried over anhydrous sodium sulfate, filtered and 
evaporated in vacuo. The residue was stirred with ether (100 ml), the resulting white 
precipitate was filtered and washed with cold ether, giving a white crystalline 
substance yield (17 g, 58.5%) Rf= 0.56 (silica gel, ethyl acetate : toluene 2:1) 



( 1 S.5R.6R.7RV6-(3S-3-Hvdroxv-5-(3-fluorophen vlV 1 -pentenvl)-7-f 4-phenvl 
benzovloxv V2-oxabic vclof 3 .3.01octane-3-one (21) 

To a stirred solution of the enone 20 (17.1 g, 34.3 nunol) in THF (20 ml) and cerium 
chloride (CeCl3.7 H2O) (3.8g, 10.3 mmol) in THF:ether 1:2 (60 ml) cooled to -20 °C 

under nitrogen was added sodium borohydride (0.8 g, 20.57 mmol) in small portions. 
The reaction mixture was stirred for 2 h (TLC monitoring). The temperature was 
raised to ±0 °C, then quenched by adding water (20 ml) and an aqueous solution of 
10% HCl to pH 4 and extracted with EtOAc (50 ml). The organic layer was separated 
and washed with brine, dried on anhydrous sodium sulfate, concentrated in vacuo and 
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chromatographed twice on silica gel using toluene:EtOAc 2:1 and 1 :1 successively as 
eluent. furnishing 4 (5 g) as a white crystalline product Rf= 0.32 (silica gel. 
EtOAc:toluene2:l. 

(1 S,SR.6P , 7R'>-6-( 3R-3-Hvdroxv-5-f3-fluorophe nvlVl-Dentvll-7-f4-Dhenvl 
henzovloxvV2-oxabicvclor3.3.01octa ne-3-onea2) 

To a suspension of 10% Pd/C (0.1 g) in sodium nitrite (3.6 ml, 1.8 mmol) and ethanol 
(15 ml) was added a solution of 21 (3 g, 6.0 mmol) in ethanol (6.0 ml). The mixture 
was stirred under hydrogen atmosphere for 6 h (TLC monitoring), and quenched with 
IM solution of HCl. The catalyst was removed by filtration through a celite pad, 
washed with ethanol abs. (15 ml). The solvent was removed in vacuo. The resulting 
oil was dissolved in EtOAc (100 ml), and washed with brine 15% (30 ml). The water 
phase was washed with EtOAc (40 ml). The combined organic extracts were dried 
over sodium sulfate and filtered. The solvent was removed in vacuo. The residue was 
chromatographed on silica gel using EtOAc as eluent, which gave 5 (2.94 g), Rf= 
0.25 (silica gel, EtOAc). 

^ ig SR , 7R^-6- ( 3R-3-Hvdroxv-5-(3-fluorophen vn-l -pentvl )-7-R-hvdroxv-2- 
r»vah;rYrln fl.3.01octa ne-3-one (23) 

To a solution of the lactone 22 (2.8 g. 5.65 mmol) in methanol ( 1 5 ml) was added 
potassium carbonate (0.47 g, 3.3 mmol) and the mixture was stirred at ambient 
temperamre for 6 h (TLC monitoring). The mixture was neutralised with 10% 
aqueous solution of HCl and extracted with EtOAc (2x30 ml). The organic phase was 
dried on anhydrous sodium sulfate and evaporated to dryness. The crude product was 
chromatographed on silica gel using EtOAc:acetone 1:1 as eluent. The tide compound 
23 was obtained as a white crystelline product; yield 1.6 g, Rf= 0.17 (silica gel, 
EtOAc); iH NMR (CDCI3) d 1.2-1.4 (m. IH), 1.54 (m, 3H), 1.8 (m, 3H), 2.1 (m, IH), 
2.2 (m. IH), 2.3 (m, IH), 2.6 (m, 2H), 2.67 (m, IH), 2.8 (m. 2H), 3.60 (m, 
CH 0CHOHC H2). 4.0 (m, CHOH) 4.92 (m, CHOC=0), 6.8-7.0 (m, 3H), 7.28 (m, IH). 



(1 S.5R.6R.7RV6-t 3R-3-t-butvl dimethvlsilvloxv-5-(3-fluoroph envn-l-pentvl )-7-R-t- 
hutvl dimetbvlsilvloxv-2-oxabicvclor 3.3.01octane-3-one (24) 
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t-Butyldimetyhylsilyl chloride (2.3 g, 14.9 mmol) was added in one portion to a 
solution of the diol 23, triethyl amine (2.1 ml, 14.8 nmiol) and 4-dimethylamino 
pyridine (0.06 g, 0.1 mmol) in dichloromediane (20 ml) with vigorous stirring at room 
temperature for 24 h, and the reaction mixture was concentrated in vacuo. The cmde 
product was dissolved in ethyl acetate (SO ml), washed with water (20 ml) and 5% 
aqueous solution of sodium hydrogen carbonate (20 ml). The organic phase was dried 
on sodium sulfate, filtered and concentrated in vacuo. The residue was 
chromatographed on silica gel using dichloromethane as eluent to give 3 g of the 
product as oil. /?/= 0.68 (silica gel, ether) 

( 1 S .5R.6R.7R V6- ( 3R-3-t-butvl dimethvlsilvloxv-5-f 3-fluorophenvn- 1 -pentvl ] -7-R-t- 
butvl dimethvlsilvloxv-2-oxabicvclor3.3.01octane-3-ol (25) 
A solution of diisobutylaluminium hydride (DIBAL) (1.1 g, 7.43 mmol) in dry 
toluene (5.3 m) was added dropwise to a stirred solution of the lactone 24 (2.7 g, 4.95 
mmol) in dry THF (30 ml) at -72/-80 '^C. After 1 h (TLC monitoring), the reaction 
mixture was quenched with methanol (5 ml) and was warmed to room temperature, 
and added water (50 ml). 10% aqueous solution of HCl (50 ml), extracted with EtOAc 
(2x50 ml). The organic layer was dried with sodium sulfate, filtered, the solvent was 
removed in vacuo, and the residue was chromatographed on silica gel using EtOAc 
and EtOAcracetone 1:1, respectively, as eluent, to give a yellow oil product (2.7 g), Rf 
= 0.85 (silica gel, ethyl acetate 1:1). 

1 3, 14-Dihvdro- 1 K 1 5-di-t-butvldimeth vl silvlox v- 1 7-f S-fluorophenvD- 18.1 9.20-trinor- 
PGFo»f26) 

To a stirred suspension of 4-carboxybutyl triphenyl phosphonium bromide (8.78 g, 
19.82 mmol) in THF (50 ml) under nitrogen at 0-5 X was added potassium 
t-butoxide (3.89 g, 34.6 mmol), and the mixture stirred for 30 min. at room 
temperature. To the resultant red orange solution of ylide at - IS/- 10 ''C was added the 
lactol 25 (2.7 g, 4.95 mmol) in THF (10 ml), and the mixture was stirred for 3-4 h 
(TLC monitoring). The reaction mixture was diluted with water (30 ml) and washed 
with ether (4x40 ml). The water layer was acidified with 5% aqueous solution of citric 
acid to pH 4 and extracted with EtOAc (2x50 ml). The organic phase was washed 
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with brine (30 ml), dried on sodium sulfate, and filtered. The solvent was removed in 
vacuo, and the slurry 26 was used directly without isolation for the next step. 

1^ iA.r>ih Y^m-1 1.15-di-*-hutvldimethvl silvloxv 17 -f3-fluorophenvlV18.19,20-trinor 
pnF^„ isnprn pvl ester (27) 

DBU (5.28 g, 34.7 mmol) was added dropwise to a stirred solution of the crude 
product 26 (3. 16 g, 4.96 mmol) in acetone (20 ml) at 0 X. The mixture was allowed 
to warm to room temperature, and isopiopyl iodide (5.05 g. 29.7 mmol) was added 
dropwise. After 4 h (TLC monitoring), the mixture was diluted with EtOAc (100 ml), 
washed with brine (30 ml), citric acid 3% (2x25 ml) and sodium hydrogen caibonate 
5% (2x25 ml) and dried over anhydrous sodium sulfate. The solvent was removed in 
vacuo and the residue was chromatographed on silica gel using etherpetroleum ether 
1:2 as eluent. This afforded a colouriess oil, yield 1.7 g, R/ = 0.43 (silica gel, ether : 
petroleum ether 1 :2) NMR (CDCI3) d 0, 1 (m. 9H), 0.9 (m, 16H), 1 .2 (m, 9H), 
1.6-1.8 (mm. lOH). 2.12 (m, 2H), 2.22-2.33 (m, 2H), 2.6-2.9 (dm, 2H). 3.65 (m, 
CH2CHQHCH2), 3.94 (m, CH2CHOH), 4. 16 (m, CH?CHOH), 5.0 (sept. IH), 5.38 
(m, db), 5.47 (m, db), 6.8-7.0 (dm, Ar, 3H), 7.2 (m, Ar, IH). 

1^, 14-nihydro-l 1.15-di-t-butvldimethvl silvloxv 17-^3-fluorophenvlV18.19.20-trinor 
Pf;F, isn pmpvl ester (28) 

Pyridinium dichlorochromate (2.43 g, 11. 25 mmol) on aluminum oxide (20 g) was 
added in small portions to a solution of 27 (1.7 g, 2.5 mmol) in dichloromethane (30 
ml) and the mixture was stirred at room temperature (TLC monitoring), filtered, and 
the precipitate was washed with ether: ethyl acetate 2: 1 . The solvent was removed in 
vacuo. The residue was diluted with ether (100 ml) and washed with water (30 ml), 
5% aqueous solution of NaHCOs (3x20 ml), the organic phase was separated and 
dried over sodium sulfate, and evaporated in vacuo to give 28 (1.3 g), as an oil. /?/= 
0.72 (silica gel, ethyl acetate). 



n , 14-Dihvdrn-n-r3-fluornphenvlV18.19.2Q-trinor PO F, isnpropvl ester fT> 
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Hydrogen fluoride 15% (12 ml) was added to a solution of 28 (314 mg) in acetonitrile. 
The niixture was stirred at room temperature for 4 h (TLC monitoring). The reaction 
mixture was diluted with ethyl acetate (100 ml) and washed with water (3x20 ml), 
dried and evaporated in vacuo. The residue was chromatographed on silica gel using 
ethyl acetate as eluent, which gave 7 (64 mg) as an oil, Rf- 0.43 (silica gel, ethyl 
acetate). lHNMR(CDCl3) d 1.2 (d,6H), 1.6-1.8 (m,6H), 1.8 (m, 2H), 2.I2(m,2H). 
2.2-2.3 (m, 2H), 2.6-2.8 (dm, 2H), 3.6 (m, CH2CHQHCH2), 4.16 (m, CH 9CHOHI 
5.0 (sept. IH), 5.38 (m. db), 5.47 (m, db). 6.8-7.0 (dm, Ar, 3H), 7.2 (m, Ar, IH). 

Pharmacology 

Tntraocular pressure reducing effect of he test compounds in cats and monkeys. 
The compounds were tested for intraocular pressure reducing effect in animal models. 
The intraocular pressure was measured with a calibrated pneumotonometer. European 
domestic cats and cynomolgus monkeys were used as experimental animals. The 
cornea was anaesthetized with oxibuprocain before the measurement. The reductions 
in intraocular pressure after topical treatment with the PGFap isopropyl ester (2), 17- 
phenyM8,19,20-trinor-PGE2-isopropyl ester (4), 15RS-16,16-trimethylenc-methyl 
ester (6) and 13,14-dihydro-17-(3-fluorophenyl)-18,19,20-trinor-PGE2-isopropyl ester 
(7) are demonstrated in Tables IV and V. 
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Table IV. Intraocular pressure reducing effect of 1-10 jig of the test compounds, with 
effect on the EPi prostanoid receptor, in cats. The control eye received the vehicle 
only. (n= 5-6; Mean±SEM). 



Prostaglandin/ 
Eye 



Baseline pressure Pressure 3 h after treatment 
(mmHg) (mmHg) 



Experimental eye 
Control eye 



24.2 ±2.3 
24.5 + 2.7 



15.1 ±2.8 * 
22.5 ±3.4 



Experimental eye 
Control eye 



22.0 ±1.7 
21.5 ±1.7 



14.2 ± 1.7 * 
18,7 ±1.9 



Experimental eye 
Control eye 



19.2 ±1.7 

19.3 ±1.7 



9.5 ±0.5 * 
17.0±1.3 



Experimental eye 
Control eye 



20.4 ±-2.0 
20.6 ±-1.8 



14.2 ±0.9 * 
18.4 ±1.5 



* p<0.01 (matched pair t-test between eyes) 
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TableV. Intraocular pressure reducing effect of the test compounds, with effect on the 
EPi receptor, in monkeys. The dose of PGF2p-isopropyl ester was 30 fig, while that of 
17-phenyH8,19,20-trinor-PGE2-isopropyl ester, and I5RS-16,16-trimethylene-PGE2- 
isopropyl ester was 3 fig. The control eye received the vehicle only (n=6; 
Mean±SEM). 



Prostaglandin/ Baseline pressure 

Eye (mmHg) 



Pressure 4 h after treatment 
(nunHg) 



2 

Experimental eye 17.8 ± 1.4 14.1 ± 1.8 * 

Control eye 16.9 ± 1.2 17.5 ± 2.0 



4 

Experimental eye 14. 1 ± 1 . 1 9.9 ± 0.9 * 

Control eye 1 3.9 ± 1 .0 1 1 .5 ± 0.8 



6 

Experimental eye 20.9 ± 1 .6 15.3 ± 2.4 * 

Control eye 21.3 ± 1.5 19.0 ± 1.5 



* p<0.05 (match paired t-test between the eyes) 



It can be seen that both in cats and monkeys all the prostaglandin analogues with 
preference for the EPi receptor significantly reduced the intraocular pressure. 

Accordingly, the present invention discloses that compounds with selective 
stimulatory effect on EPi receptors reduce the intraocular pressure, and that such 
compounds cannot have any melanogenic effect, or at least have significantly reduced 
effect in the eye since the pigment producing cells, the melanocytes, lack the EPi 
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receptor in man. Thus, the common side-effect of increased iridial pigmentation can 
be avoided during chronic therapy with prostaglandins selective for EPi receptors. 



Scheme 1 




wo 99/02165 PCT/SE98/01368 

27 



Scheme 2 




Reagents 

a. N-isopropylcyclohexyl amine /THF. n-BuU. ethylcyclobutanecarboxylate/ DMSO 

b. D1BAL-H./ toluene 
cDCC/ DME, DMSO, H3P04. 

d. Lithlum-acetylide-ethylene diamine, DMSO 

e. tributyltin hydride, AIBN 

f. Trimethylsilyl chloride (TMSCI), imidazole/ DMF 

g. Li2CuCN(CH3)2, TMSCl, triethylamine, 4-t-butyI-dime1hylsilyloxy-2-cyclopentenone, 

1-tributyltin-4.4.-trimethylene-3-trimethylsilyloxy-1-octene, methyl-2-yn-8-octanoate 

h. Pd-BaS04.quinoline, 

i. HF/THF 
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Scheme 3 



18 19 20 

„ 22 » 

24 25 » 
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Reagents 

a. DCC, DMSO. H2S04. DME. H3P04 

b. NaH. dimethyl-2-oxo-4-(3-fluorophenyl)-bulylphosphonate 

c. NaBH4. CeCI3.7H20/THF 

d. Pd/C, NaN02/ THF 

e. K2C03/Melhanol 

f. TBDMS, TEA, 4-dimethylaniino pyridine/dichloromethane 

g. DIBAL-H/THF 

h. 4-carboxybutyl triphenyl phosphonlum bromide 
potassium t-butoxide. THF 

i. DBU, isopropyl iodide/ acetone 

i.pyrldinium chlorochromate, aluminium oxide/ dichloromethane 
l(.HF/acetonltrile 
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CLAIMS 



1 . A composition for the treatment of glaucoma and ocular hypertension comprising 
a therapeutically active and physiologically acceptable amount of a prostaglandin 
analogue which is a selective agonist for EPi prostanoid receptors* or a 
pharmaceutically acceptable salt or ester thereof. 

2. The composition according to claim 1, wherein the prostaglandin analogue is 
derived from PGF or PGE type prostaglandins. 

3. The composition according to claim 1 or 2, wherein the prostaglandin analogue is 
a compound of the general formula: 



the wavy bonds represent the a or P configuration, and the dashed bonds 
represent a single bond, a triple bond or a double bond in the cis or trans 
configuration; 

R is hydrogen, saturated or unsaturated alkyl, preferably Cmo alkyl, cycloalkyl, 
preferably C3.8 cycloalkyl, aryl, arylalkyl, preferably aryl-C2.5 alkyl, or heteroaryl; 

Rl is a saturated or unsaturated alkyl group having 2-5 carbon atoms, optionally 
interrupted by a heteroatoms selected from oxygen, sulfur and nitrogen, cycloalkyl, 
preferably C3-7 cycloalkyl, cycloalkenyl, preferably C3.7 cycloalkenyl, aryl or 
heteroaryl; 

X is C-OH or C=0; 

R2 is hydrogen, hydroxy, methyl, ethyl, methoxy or OCOR4, where R4 is a 
straight or branched chain saturated or unsaturated alkyl group, preferably Cmo alkyl, 
especially Ci-6 alkyl, or a cycloalkyl, preferably C3.8 cycloalkyl, or aryl group; 




wherein: 
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R3 is a straight or branched chain saturated or unsaturated alkyl group, 
preferably having 3-8 carbon atoms, especially 3-5 carbon atoms, optionally 
interrupted by one or more heteroatoms selected from oxygen, sulfur and nitrogen, 
each carbon atom optionally being substituted with a substituent selected from C1-5 
alkyl, hydroxy and carbonyl groups, hydroxy and carbonyl preferentially being 
attached to carbon 15 of the prostaglandin structure, and said alkyl group optionally 
containing a cycloalkyl, preferably C3-8 cycloalkyl, aryl or heteroaryl group, which 
may be mono- or independently multi-substituted with Cio alkyl, C1.3 alkoxy, 
hydroxy, nitro, trifluoromethyl or halogen; 
or a pharmaceutically acceptable salt or ester thereof. 

4. The composition according to claim 1, 2 or 3, wherein the prostaglandin analogue 
is l5(R,S)-16,16-trimethylene-PGE2 or an alkyl ester thereof. 

5. The composition according to claim 1, 2 or 3 wherein the prostaglandin analogue 
is 13,14-dihydro-17-(3-fluorophenyl)-18,19,20-trinor-PGE2 or an alkyl ester 
thereof. 

6. A method of treating glaucoma or ocular hypertension in a subject's eye, which 
method comprises contacting the surface of the eye with an effective intraocular 
pressure reducing amount of a therapeutically active and physiologically 
acceptable prostaglandin analogue which is a selective agonist forEPi prostanoid 
receptors, or a pharmaceutically acceptable salt or ester thereof. 

7. The method according to claim 6, wherein the prostaglandin analogue is derived 
from PGF or PGE prostaglandins. 

8. The method according to claim 6 or 7, wherein the prostaglandin analogue is a 
compound of the general formula: 
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COOR 




R2 



wherein: 

the wavy bonds represent the a or P configuration, and the dashed bonds 
represent a single bond, a triple bond or a double bond in the cis or trans 
configuration; 

R is hydrogen, saturated or unsaturated alkyl, preferably C|.io alkyl, cycloalkyl, 
preferably Ca-g cycloalkyl, aryl. arylalkyl, preferably aryl-C2.5 alkyl, or heteroaryl; 

Rl is a saturated or unsaturated alkyl group having 2-5 carbon atoms, optionally 
interrupted by a heteroatoms selected from oxygen, sulfur and nitrogen, cycloalkyl, 
preferably C3.7 cycloalkyl, cycloalkenyl, preferably C3.7 cycloalkenyl, aryl or 
heteroaryl; 

Xis C-OHor OO; 

R2 is hydrogen, hydroxy, methyl, ethyl, methoxy or OCOR4, where R4 is a 
straight or branched chain saturated or unsaturated alkyl group, preferably Cmo alkyl, 
especially d-e alkyl, or a cycloalkyl, preferably C3.8 cycloalkyl, or aryl group; 

R3 is a straight or branched chain saturated or unsaturated alkyl group, 
preferably having 3-8 carbon atoms, especially 3-5 carbon atoms, optionally 
interrupted by one or more heteroatoms selected from oxygen, sulfur and nitrogen, 
each carbon atom optionally being substituted with a substituent selected from C1.5 
alkyl, hydroxy and carbonyl groups, hydroxy and carbonyl preferentially being 
attached to carbon 15 of the prostaglandin structure, and said alkyl group optionally 
containing a cycloalkyl, preferably C3.8 cycloalkyl, aryl or heteroaryl group, which 
may be mono- or independently multi-substituted with C1.3 alkyl, C1.3 alkoxy, 
hydroxy, nitro, trifluoromethyl or halogen; 
or a pharmaceudcally acceptable salt or ester thereof. 

9. The composition according to claim 6, 7 or 8, wherein the prostaglandin analogue 
is 15(R,S)-16,16-trimethyIene-PGE2 or an alkyl ester thereof. 
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10, The composition according to claim 6. 7 or 8 wherein the prostaglandin analogue 
is 13,14Hlihydro-17-(3-fluorophenyl)-18,19,20-trinor-PGE2 or an alkyl ester 
thereof. 

1 1, The method according to any one of claims 6-10, wherein a therapeutically active 
and physiologically acceptable composition containing said prostaglandin 
analogue is administered topically on the eye 1-3 times daily. 

12, Use of a prostaglandin analogue which is a selective agonist for EPi prostanoid 
receptors as defined in any one of claims 1 to 4 for the preparation of a 
medicament for treatment of glaucoma and ocular hypertension. 
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